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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCHE MEMORANDUM

PERFORMANCE OF A TURBOJET ENGINE WITH ADJUSTABLE FIRST-STAGE
TURBINE STATOR AND VARIABLE-AREA EXHAUST NOZZIE

By Carl L. Meyer, Ivan D. Smith, and Harry E. Bloomer

SUMMARY

The performance of a turbojet engine with a two-stege turbine, an
adJusteble first-stage turbine stator, and a varisble-area exhaust nozzle
was investigated at selected constant engine speeds and two simulated
flight conditions; various fTixed settings of the adjustable turbine
stator were used. TFor the particular component characteristics of the
engine investigated, little improvement in thrust or specific fuel con-
sumption could be realized at conditions from 75 percent of normal to
military thrust by use of an adjusteble rather than an optimum fixed
first-stage turbine stator.

INTRODUCTION

As part of an experimental evaluation of a full-scale turbojet
englne with a two-stage turbine in the NACA Lewis altitude wind tunnel,
data were obtained to determine the over-all and component performance
of the engine when equipped wlth both an adjustable first-stage turbine
stator and a varieble-area exhasust nozzle., The performance of the tur-
bine and a discussion of the design and mechanical relisbility of the
adjustable first-stage turbine stator are presented 1n reference 1. The
performance of the compressor and over-all engine are presented herein.

For the engine equipped with the adjustable first-stage turbine
stator and varisgble-area exhaust nozzle, it was possible to control the
matching between the compressor and the turbine; thus, compressor pres-
sure ratio could be varied independently of turbine-~inlet temperature
and engine speed within a range limited by the flow-area variation of
the adjustable turbine stator, the maximum turbine-inlet temperature,
the compressor surge pressure ratio, or the area variation of the exhaust
nozzle. Through use of various fixed positions of the adjustsble first-
stage turbine stator, data were obtained to ensble selection of an opti-
mum fixed-stator flow area for the particular engine and to determine
whether or not there are performance advantages to be gained by use of
adjustable as compared with fixed turbine stators in the given engine.
The analysis of reference 2 indicates possible improvements in specific
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fuel consumption at less than maximom thrust through use of adjustable,
rather than fixed, turblne stators-in a turbojet engine equipped with a
varleble-area exhaust nozzle.

At a glven simulated flight condition and at various fixed positions
of the first-stage turbine stator, data were obtained over approximately
the availeble range of turbine-inlet temperatures at each of various
constant engine speeds by varying the exhaust-nozzle area. At simulated
conditions corresponding to a fiight Mech number of 0.62 at an altitude
of 30,000 feet and a flight Mach number of 0.46 at an altitude of
15,000 feet, data were obtained for a range of first-stage turbine-stator
positions which carrespond to a. range of effective stator flow areas from
1.13 to 1.25 square feet,

Compressor performgnce maps are presented herein for the simulated
flight conditions investigated. Composite performence maps are preserted
for selected engine speeds at the two simulated flight conditions to show
engine performance in terms of net thrust, gspecific fuel consumption,
turbine-inlet to engine-inlet temperature ratio, and compressor pressure
ratio for the family of first-stage turbine-stator positions investigated.
The results of the present investigation are limited, of course, by the
component cheracteristics of the englne.

The adJustaeble first-stage turbine stator used in the present ianves-
tigation was not deslgned as a ptandard component of the engine but was
intended as a means of regulating the engine operating point for other
component investlgations such as that of compressor surge reported in
references 3 and 4; therefore, high performance of the turbine was not a
primary consideration in the stator design. 1In addition, the adjustable
stator was the first-stage stator of a two-stage turbine; the turbine
rotors and second-stage stator were designed for a fixed-position filrst-
stage stator.

APPARATUS
Engine

A prototype J40-WE~6 turbojet engine was used for the present inves-
tigation. Maln components of the engine include an 1l-stage axial-~flow
compressor, an annular combustor, a twe-stage turblne, an exhaust collec-
tor, and a continuously variable clam-shell-type exhaust nozzle. For the
present investigation, a mixer-vane assembly wes included at the compres-
sor outlet to alleviate turbine-inlet temperature distribution problems;
the electronic control was modified to permit independent control of
engine speed and exhaust-nozzle area; and the fixed-position first-
stage turbine stator was replaced by an adjustable stator.

26L2
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Approximate sea-level thrust ratings of the J40-WE-6 turbojet engine
are as follows:

Operating condition |Thrust, | Engine speed, | Turbine-inlet gas
ib rpm temperature, °F
Take-off end milltery | 7500 7260 1425
Normal 6800 7260 ———
90 percent normal 6120 7260 -————
75 percent normal 5100 7050 ———

Ad justable First-Stage Turbline Stator

The adjustable first-stage turbine stator, which was supplied by
the engline menufacturer, is illustreted schematically in figure 1. The
stator blades were mounted on shafts and could be turned simultaneocusly
between the lnner and outer shrouds through the illustrated actuating
mechanism by an externally mounted worm-gear drive. Adjustment of the
stator setting varied the flow area of the stator and alsc the angle
through which the gases were turned in passing through the stator. A
more detglled description of the twrbine and the adjustsble stator is
glven in reference 1. Independent control of the adjusteble stator was
used in the present investigatlion to select various fixed stator set-
tings for which the range of effective flow ares was from 1.13 to
1.25 square feet. The method of determining effective stator flow area
is given in reference 1.

INSTALTATION AND INSTRUMENTATTON

The engine was Installed on a wing segment that was supported in the
20-foot-dlameter test section of the altitude wind tunnel by the tunnel
balance frame. Dry refrigerated air was supplied to the engine from the
tunnel mske-up alr system through a duct connected to the engine inlet.
Alr £low through the duct was throttled from spproximately sea-level
pressure to a total pressure at the engine inlet corresponding to the
desired £light Mach number and altitude, while the tunnel test-section
static pressure was maintained at that corresponding to the desired
gltitude. Thrust and draeg measurements with the tunnel balance scales
were made possible by a slip Joint with a frictionless seal located in
the duct upstream of the engilne,

Conventional instrumentation for the measurement of temperatures and
pressures vas installed at various stations in the engine (fig. 2). Pres-
sures in the inlet-air duct shead of the engine (station 1) and at the
engine inlet (station 2) were measured with water-filled menometers, and
those at the compressor outlet (station 4), turbine inlet (station 5), and
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turbine outlet (station 6) were measured with mercury-filled manometers;
all pressures were photographicelly recorded. Temperatures in the duct
ahead of the engine and at the compressor outlet were measured with lron-
constantan thermocouples, and those at the turbine-cutlet were measured
with chromel-alumel thermocouples. All temperatures were automatically
recorded by self-balancing potentiometers. Turbine-lnlet temperatures
were calculated from the tuwrbine-outlet temperatures, with the assumption
that the enthalpy drop across the turbine was equal to the enthalpy rise
across the compressor. TFuel flow was measured by means of callbrated
rotameters, engine speed by medns of a stroboscopic tachometer in con-
Junction with a continuously indicating tachometer, and thrust by means
of the tunnel balence scales.

PROCEDURE

Engine speed, exhaust-nozzle area, and first-stage turbine-stator
position were independently controclled throughout tbhe investigation. At
a given simulated flight condition and at various fixed settings of the
edjusteble first-stage turbine stator, data were cobtained over approxi-
mately the avallable range of turbine-inlet temperatures at each of
various constant engine speeds by varylng exhsust-nozzle area. Meximm
turbine-inlet temperature was limited to 1425° F or to the maximum
obtainable without encountering compressor surge. Minimum turbine-inlet
temperature was limited by the meximum exhsust-nozzle area.

Data are reported herein for simulated conditions corresponding to
a8 £light Mach number of 0.62 at an altitude of 30,000 feet and a flight
Mach number  of 0.46 at an altitude of 15,000 feet. Data were obtained
with five fixed positions of the first-stege turbine stator at the
higher altitude condition and with three at the lower altitude condition;
at both flight conditions, the range of stator positions used corre-
sponded to a range of effective stator flow areas from 1.13 to 1.25 square
feet., At each turbine-stator position, data were obtained at constant
engine speeds within the range of 4720 to 7260 rpm.

RESULTS AND DISCUSSION
Compressor Performance

Compressor performance maps for simulated conditions corresponding
to a flight Mach nunber of 0.62 at an altitude of 30,000 feet and a
flight Mach nunber of 0.46 at an altitude of 15,000 feet are presented
in figure 3. On coordinates of compressor pressure ratio and corrected
air flow are shown lines of constant corrected engine speed and compres-
sor efficiency. The approximate compressor surge limit 1s shown for a
flight Mach number of 0.62 at an altitude of 30,000 feet; adequate data
were not availeble to determine the compressor surge limit at the other
gimulated flight condition.

o)
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At all corrected engine speeds, compressor efficiency decreased as
compressor pressure ratio was increased over the range investigated. In
the region of corrected air flows above that for maximwm compressor effi-
ciency, the efficiency decreased rapidly as the corrected engine speed
was raised. For engine operation from 75 percent of normel thrust to
militery thrust, the corrected engine speeds are 7630 and 7855 rpm for
the conditions of figure 3(a) end 7290 and 7510 for the conditions of
figure 3(b); maximum compressor efficiency occurred at lower corrected
engine speeds and compressor pressure ratios. In the range of corrected .
engine speeds above sbout 7200 rpm, the corrected alr flow changed a '
comparatively small amount as corrected engine speed was increased, which
indicated choking at the compressor inlet.

Engine Performance

The amblent static pressures and temperatures obtained during the
Investigetion deviated somewhat from NACA standard values; therefore all
engine performance parameters presented graphically have been adjusted
to NACA standsrd conditions at the respective altitudes by use of the
factors &y and 6 (defined in appendix A). All engine performance

data obtalned at the two simulated flight conditions for the verious
fixed positions of the adjusteble first-stage turbine stator are pre-
sented in table I.

Adjustable first-stage turbine stator. - Composite performance plots
for engine speeds of 7260, 7050, 6800, 6400, and 5800 rpm are presented
in figure 4 for a similated flight Mach number of 0.62 at an altitude of
30,000 feet, and in figure 5 for a simulated flight Mach number of 0.46
at an altitude of 15,000 feet. The composite performance plots, which
were constructed by the method described in appendix B, are presented on
coordinates of net thrust agalnst compressor pressure ratio and include
curves for the various effective flow areas of the first-stage turbine
stator (obtainable by varying exhaust-nozzle ares), superimposed lines
of constant turbine-inlet to engine-inlet temperature ratio, and contours
of specific fuel consumption based on net thrust. Where possible, the
approximste compressor surge pressure ratio is indicated. A reliable
measurement of exhaust-nozzle area was not availlable; therefore, the com-
posite plots could not be completed to the extent of superimposing lines
of constant exhaust-nozzle ares.

By adJusting both the first-sitage turbine-stator and the exhasust-
nozzle areas at a glven engine speed to control the matching between the
compressor and turbine, it was possible to obtain either constant
turbine-inlet to engine-inlet temperature ratio or constant thrust over
e range of compressor pressure ratios (figs. 4 and 5). Similarly, it was
possible to obtain a range of turbine-inlet tc engine-inlet temperature
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ratios and consequently a range of thrusts at a glven compressor pres-
sure ratio. Increasing the turbine-stator flow sres permitted a given
turbine-inlet to engine-inlet temperature ratio to be obtained at lower
compressor pressure ratio and also permitted increased turbine-inlet to
engine-inlet temperature ratios to be obtalned at a given compressor
pressure ratio. At a given turbine-inlet temperature, the ratio of
compressor-outlet rressures at tﬁo different turbine-stator flow areas
should be approximstely inversely proportlonal to the ratic of the
turbine-stator flow areas. Small experimental errors in the messurement
of effective turbine-stator area, turbine-inlet temperature, and com-
pressor pressure ratio caused some deviation from the aforementioned
relation in figures 4 and 5. L

Within the range of first-stage turbine-stator areas investigated,
varistions in compressor pressure ratio at constant turbine-inlet to
engine-inlet temperature ratioc and engine speed through control of
turbine~-stator and exhsust-nozzle areas did not have an appreciable
effect on thrust (figs. 4 and 5); This was particularly true at the
higher engine speeds and turbine-inlet to engine-inlet temperature ratios
where the thrust change was generally less than 3 percent; greater thrust
changes occurred at the lower temperature ratios. Exhaust-system losses
affect the trends of thrust with compressor pressure ratio at constant
turbine-inlet to englne-inlet temperature retilo. As the compressor pres-
sure ratio was increased st a given turbine-inlet to englne-inlet tem-
perature ratlo, the compressor efficlency decreased somewhat, whereas
the turbline efficiency tended to: Increase slightly. At high turbine-
inlet to engine-inlet temperature ratios, the exhaust system losses

remained relatively constant over the range of compressor pressure ratios,

and at these conditions the thrust was not appreciably affected by vari-
ations in compressor pressure ratioc. At the low turbine-inlet to englne-
inlet temperature ratios, however, the exhaust-system losses tended to
decrease with increased compressor pressure ratio and caused larger vari-
ations in thrust with compressor pressure ratlo.

In general, specific fuel consumption based on net thrust at a given
turbine-inlet to engine-inlet temperature ratio decreased as the compres-
sor pressure ratio was increased by adjusting turbine-stator and exhaust-
nozzle sreas (figs. 4 and 5); in many cases, however, there was an opti-
mum compressor pressure ratio for minimum specific fuel consumption at a
glven turbine-inlet to engine-inlet temperature ratio within the range
of turbine~stator areas investigated. The specific fuel consumption, in
general, decreased on the order of 1 to 7 percent as the compressor pres-
gure ratloc was increased at the higher turbine-inlet to engine-inlet tem-
perature ratios. The aforementioned trend of decreased specific fuel
consumption with increased compressor pressure ratio is attributed to the
combined effects of increased thermodynamic efficiency with increased
compressor pressure ratio, a trend of increasing turbine efficiency with
decreased turbine-stator area, & trend of decreasing exhaust-system

2612
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losses with decreased turbine-stator asrea (especially at the lower tem-
perature ratios), and decreased compressor efficiency with increased
compressor presswre ratio,

The composite performance plots of figures 4 and 5 4o not show com-
plete agreement with the analysis of reference 2., This analysis, which
assumed constant component efficiencies, indicated possible improvement
in specific fuel consumption at less than maximum thrust by using an
adjusteble turbine stator and a varisble-area exhaust nozzle to maintain
operation at a constant compressor pressure raetio as compared with opera-
tion at a constant turbine-stator area. In general, the trends of the
specific fuel consumption contours of figure 4 indicate that a fixed
first-stage turbine-stator area may be selected to obtain nesr optimum
specific fuel consumption over a range of engine speeds; for example, &
first-stage tuwrbine-stator effective area of 1.17 square feet would be
near optimum for the conditions of fligure 4. The trends of the specific
fuel consumption contours of figure 5 indicate that the specific fuel
consumption would be somewhat lower for operation at constant compressor
pressure ratlio as compared with operation at a constant tuwrbine-stator
grea; however, the gains would be small at thrust levels of interest.

The variation of specific fuel consumption wlth first-stage turbine-
stator effective area at four thrust levels for each of the two simulated
flight conditions is shown in figure 6. The four thrust levels were
chosen to approximete militery, normel, 90 percent of normsl, and 75 per-
cent of normal thrust. At the four thrust levels noted, the specific
fuel consumption decreased at a decreasing rate as the turbine-stator was
closed; total variations of specific fuel consumption of 3 to 12 percent
occurred within the range of turbine-stator areas investigated at these
thrust levels. The specific fuel consumption was affected only slightly
{less than 1 percent) by changes in turbine-stator area between 1.13
and 1.17 square feet. Use of turbine-stator areas less than 1.13 square
Teet would result in little or no improvement in specific fuel consump-
tion, and the operable range at the smaller areas would be limited by

compressor surge.

Fixed first-stage turbine stator. - Performance data are not avail-
able for the engine equipped with a standard first-stage turbine stator;
however, the effective flow area of the standard first-stage stator was
on the order of 1.17 square feet, This area would result in a specific
Tuel consumption near the optimum valuvues at the thrust levels noted in
figure 6. As shown in figure 4, however, the limiting turbine-inlet to
engine-inlet temperature ratio at engine speeds of 7260 and 7050 rpm
occurred at or near the compressor surge limit for an effective first-
stege turblne-stator area of 1.17 square feet.

Preliminary investigation of the engine equipped with the standard
first-stage turbine stator revealed a severe compressor surge limitation
at high corrected engine speeds (refs. 3 and 4). To make the engine
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operable without compressor modifications and with a fixed first-stage
turbine stator, it would be necessary to Increase the flow area of the
stator a sufficient amount to reduce the operating compressor pressure
ratio below the surge pressure ratioc at high corrected engine speeds.
Such an increase would result in pomewhat higher specific fuel consump-
tion. PFor example, if a compressor pressure ratio margin of 0.15 between
the limiting~temperature operating point and the compressor surge limit
were chosen for the conditions of figure 4(a), the effective stator flow
area requlred would be spproximstely 1.20 square feet; for this area, the
specific fuel consumption would be on the order of 1 to 2 percent higher
than the minimum obtained at the thrust levels noted in figure 6.

An adjusteble first-stage turbine stator could be used to avold the
compressor surge limitatlon of the particular engine at high turbine-
inlet temperatures and corrected engine speeds, and also to permilt opera-
tion at or near optimum compressor pressure ratios for minimum specific
fuel consumption at reduced thrusts. The avallasble improvement in spe-~
cific fuel consumption by use of the adjustable stator as compared with
use of a fixed turbine-stator effective area of 1.20 square feet, selected
to give an arbitrary margin between the opersating and compressor surge
pressure ratios, would not warrant the complications of the adjustable
stator. An increase in the flow ‘area of the fixed first-stage turbine
stator mey be considered a temporary method of increasing the margin
between the operating and surge compressor pressure ratios of the par-
ticular engine; modifications to the compressor to improve the surge
limit, such as those discussed in references 3 and 4, would permit use
of a fixed first-stage turbine-stator—flow area which would result in
near optimum specific fuel consumption at thrust levels of.interest.

Operational Characteristics

It is possible that an adjustable first-stage turbine stator could
be used to improve the mcceleration characteristics of the englne. Fig-
ures 4 and 5 illustrate that the K compressor pressure ratlo may be
decreased at a glven steady-state turbine-inlet temperature by lncreasing
the stator flow area; thus the margin between the operating compressor
pressure ratio and the compressor surge pressure ratio could be increased
for acceleration purposes. The present program, however, d4id not include
an investigation of the engine s¢celeratlon characteristics.

SUMMARY OF RESULTS

The performance of & turbojet englne with a two-stage turbine, an
adjustaeble first-stage turbine stator, and a varlable-area exhsust nozzle
was investigated at selected constant engine speeds snd two simulated
flight conditions; various fixed settiings of the adjustable stator were
used.

26L2
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For the particulsr component characteristics of the engine investi-
gated, little improvement in thrust or specific fuel consumption could
be realized at conditions from 75 percent of normal to militery thrust
by use of an adjusteble, rather than a fixed, first-stage turbine stator.
In general, the thrust available at & given turbine-inlet to engine-inlet
temperature ratio was not apprecisbly affected by variations in compres-
sor pressure ratio through control of first-stage turbine-stator and
exhaust-nozzle areas. The flexibility provided by an adjustable first-stage
turbine stator and a varisble-ares exhaust nozzle may be used to obtain
minimum specific fuel consumption at a given thrust; however, the gvall-
able improvement in specific fuel consumpition by use of an adjustable as
compared with an optimum fixed turbine stator was small (less than 1 per-
cent) at thrust levels of interest.

Because of compressor surge limitations of the particular engine
investigated, it would be necessary to use a fixed turbine-stator flow
area larger than that for minimum speciflc fuel consumption if the engine
were to be made opereble without compressor modifications and with fixed
First-stage turbine stator. The specific fuel consumption obtainable by
use of a given setting of the first-stage turbine stator, selected to
give an arbltrary compressor pressure ratio margin of 0.15 between the
limiting temperature operating point and the compressor-surge limit for
the most critical condition investigated, would be on the order of 1 to
2 percent higher than the minimum obtained by use of the adjustable
stator at thrusts from 75 percent of normal to military. This penalty
in specific fuel consumption would not warrant the complications of the
adjustaeble stator.

Lewis Flight Propulsion Laboratory
Neational Advisory Committee for Aeronsutics
Cleveland, Ohio, November 18, 1952
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APPENDIX A

SYMBOLS

The following symbols were used in this report:

A, effective area_qf fi:st-stage turbine stator, sq ft

¥, net thrust, 1b - )

M Mach number

N engine speed, rpm

P total pressure, 1b/sq ft

P static pressure, lb/sq ft

T total tempersature, °R

Wy, air flow, 1b/sec

We fuel flow, Ib/hr

o ratio of total pressure at engine iniet to absolute static pressure
of NACA standard atmosphere at sea level

8 ratio of ambient static Pressure BPg to the absolute statlec pres-
sure of NACA standard atmosphere at altitude

e ratio of absolute total temperature at engine inlet to absolute
static temperature of NACA standard atmosphere at sea level

6, Treatio of ebsolute anbient static temperature to absolute static tem-
perature of NACA standerd astmosphere at altitude

Subscripts:

0 free~stream conditions

1 cowl inlet

2 engine inlet

4 compressor outlet

5 turbine inlet
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APPENDIX B

METHOD OF CONSTRUCTING COMPOSITE PERFORMANCE PLOTS

Comparable engine performance dats adjusted to standard altitude
conditions were not directly aveilseble for the various posltions of the
adjustable first-stage turbine stator at constant engine speeds, includ-
ing rated engine speed, because of amblent-air temperature differences
and because the smblent-alr temperatures were higher than standard at
the respective altitudes (table I). It was therefore necessary to use
a method of cross-plotting and extrapolation of the data to obtaln com-
pereble engine performence for the various positions of the first-stage
turbine stator. at constant engine speeds and standard altitude condi-

tlons.

Typlcal engine performance data for a fixed first-stage turbine-
stator position for which the effective stator flow area was 1.13 square
feet are presented in figure 7 for s simulated £flight Mach number of
0.62 at an altitude of 30,000 feet, and In figure 8 for a simulated
Plight Mach number of 0.46 gt an altitude of 15,000 feet. These figures
show compressor pressure ratlio sgainst turblne-inlet to engine-inlet
temperature ratio, and net thrust and fuel flow against compressor pres-
sure retio for four engine speeds; at each engine speed, exhaust-nozzle
area was varied to obtain the range of compressor pressure ratios., The
constant engine speed curves of these figures were extrapolated to the
limiting turbine-inlet to engine-inlet tempersture ratio or to the com-
pressor surge pressure ratio.

The data of figures 7 and 8 and similasr data for the other turbine-
stator positions were cross-plotted to obtain the performance at selected
engine speeds for which composite performence plots were to be made. The
cross plots used the coordinates of compressor pressure ratio sgainst
engine speed and were made for wvarlous constant turbine-inlet to engine-
inlet temperature ratios, net thrusts, and fuel flows. Extraepolation of
these cross plots was necessary to obtain performance at the rated engine
speed of 7260 rpm. Thus, the varilaetion of turbine-inlet to engine-inlet
temperature ratio, net thrust, and fuel flow with compressor pressure
ratic was determined for each first-stage turbine-stator position at the

selected engine speeds,
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=0 1.300 | .82 810 5808 5708 1.25 1588 T84 480 AT 660 46,88 | 1083 1088
21 1,298 608 810 BE0A $708 1l.28 1701 792 480 7715 885 1580 48.22 | 1182 1217
-] 1.288 | 582 810 4710 4882 1.28 a0p 182 467 1750 507 [ Bl 140 1id
5 1,508 | .G927 608 71§ 4682 1,26 a9 788 4587 1728 808 1010 33.35 135 140
24 1.504 | .828 601 +718 4852 1.28 875 764 457 1729 alo 1043 35,15 £50 28]
& 1.R65 818 804 4718 4841 1,28 [ 781 458 1788 £16 1130 52,82 583 378
28 1,319 | 848 ao3 4718 4883 1,88 1193 795" 57 1605 23 1285 31.86 BES saz2
a7 1.R74 | E0O aRs 7880 7049 1.23 ages 184 488 J854 798 1627 56,96 | 1862 1874
28 1.205 | 819 508 7280 7067 1.238 2524 787 469 —— 809 1807 58,44 | 1803 1880
29 l.284 | ,808 818 7380 TO49 1.23 2580 784 489 5868 816 1700 88,75 | 8115 2149
50 1,281 818 804, 7280 088 1,23 2815 180 488 5503 820 178% 58,75 | 2244 B34
31 1.285 ST aee T280 7028 1.2% 2047 78l 485 4003 a4 1840 E5.57 | 2440 2484
IR 1.284 | .89 31 ] 6897 8780 1.8% 1878 97 187 3524 789 1450 « ER.40 | 1573 1404
35 1,298 | .82 807 88987 aTeo’ 1,85 2570 787 487 xeas 788 1804 g5,80 | 1928 1942
34 1.504 | 828 404 2887 8727 [P -—1,a5 2087 768 487 2762 785 1885 85,87 | 2142

368 1.506 | 829 al 8897 8734 1.23 2092 84 488 SELT 801 11717 5.27 | pM2 2412
I8 1.385 +828 : 8520 €597 sray 1.3 3258 803 466 4102 Bl1 1887 58,30 | 2563 2637
37 1.292 .618 s8ie s36%- 8197 1,23 1658 761 488 5188 730 1300 82,44 | 1020 1047
38 1.288 B82 806 a3es e1e0 1.25 1714 188 488 ns 741 1577 B),70 | lu@AS 1554
59 1,308 A2e 805 5383 4197 1.28 184 139 487 T47 1488 51,81 | 1484 1540
80 1,510 | .&54 806 [ SR04 1.25 A1 08 793 57 751 1633 54.08 | 1510 1733
41 1,505 | .827 812 8533 5204 1.85 2918 798 (113 3431 T80 1570 52.43 | 1768 1804
L1:] 1.500 B2 08 e ] 5578 1.2% 1155 187 464 2814 1] 1163 48,08 599 822
43 1,308 820 803 5808 B8R 1.2% 1lses 188 468 2872 &85 185 45,92 840 874
4 1,501 | .05 5058 8604 6678 1.23 ledo 787 488 2168 708 1303 46,66 [ 1083 1068
] 1,510 | .854 809 5804 1,23 1817 788 84 2807 704 1380 46.51 | 1088 1123
45 1,308 830 805 5808 6492 .23 1750 780 443 2048 108 1440 45.09 | 1382 1300
47 1.204 | .819 acB 4118 4819 1.3 78 787 463 1735 als 987 35.07 8L 83
48 1.501 | 828 803 4718 4525 1,25 T8 7% .85 114) 814 1003 33,51 108 111
48 1.524 | .647 808 4718 4450 1.23 ga7 801 e 1800 619 1087 33.84 o268 235
50 1.502 | .878 5035 4718 4614 1.23 B34 786 485 1798 608 1 52,14 552 366
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TARLE I, - Contlimued,

ENGINE FERFORMANCE DATA

T [4]. 1 tude Ram  |Flight funnel |Engine [Adjuated|Effeotive areslFuel | Adjusted| Engine- Codl- | Comprensor-|Compreanar-| Turbine- f:fl.ne Hot |Adjustaed]
(ft} |premsure| Mach static speed | angine |of firat-stage] flow 1 flow inlat inlet outlst outlet inlat ot= | thrust nat

ratia |mmsber | pressure N wpeed | turbine stator| We o/ Ba A,g_._ total totel total total total |air flow| ¥, thrust

Po/Po My Do {rpm) #. /ﬁ‘ M b esSUTe | temper-| preesurs |temperature| tempara-| Wy 3 (1b) /By

a (16/r) P ature B T ture .
bA B) (vpm) {8q £t) Y 2 4 . {1b/8ec]) {1b)
e 1) ) T i ') {°8) s
B I'C abs/ (°r) | {83 IT abw {“r)

511 30,000 1.328 |0.650 803 4718 4841 1.2% 1060 1075 a0l (Y- 1884 827 1200 32.09 478 496
52 1.292 .818 611 1260 7182 1.21 2020 2054 789 53 3718 718 1475 87.49 | 1467 1508
b3 l.298 22 60T 7R80 71882 1.21 2560 2408 788 484 3840 794 1583 §7.27 | 1878 1946
54 1.301 .628 605 T80 74 1.2 2846 ‘2715 787 456 5966 &0¢ 1708 88.97 | 2185 2218
58 | 1.28% E25 607 72680 7185 1.21 2975 3039 788 458 4099 al7 1819 B6.80 | 2378 2481
561 ¢ 1.268 ( 580 622 7260 7331 1.2 s 5200 a7 457 4174 a2) 1880 68,88 | oB8n 26808
&7 1.284 613 811 6687 871715 1.21 1805 182% 747 459 3588 165 1403 88,28 | 137 1 1384
38 1.294 519 618 6697 6179 1.21 2060 20685 796 450 5878 T75 1493 56,85 | 1653 1688
63 1.288 ] €615 eal 6887 8167 1.81 2550 2371 ;] 460 3828 785 1610 57.0% | 1961 1983
80 1.203 .618 820 8887 8767 l.21 2778 2758 ao2 481 5979 786 1743 56.94 | 2278 2308
8l 1.898 .618 &20 6897 8783 1.4 3128 5113 a02 459 804 1835 56.01 | 2504 2537
B2 1.207 621 820 8553 5218 1.21 1460 1488 204 463 5214 731 1285 53.48 | 1024 1087
-1 1.298 | .B22 817 5955 8228 1.21 1685 1681 801 £1:+] 3278 38 1387 53.05 | 1318 1342
64 1.502 § .e28 6817 E553 8226 1. | 1805 1301 805 453 3539 T46 1485 B3.01 | 1551 1579
85 1.504 .828 805 6555 §228 1.21 2080 2126 188 483 5418 ™3 1845 S5l1.89 | 1882 1746
[} 1.305 | .627 | 815 6553 8228 1.21 RES0 2391 80l 485 3650 ™9 1643 52.595 | la80 1919

a¢ 1.382 [ .87 T B1% 5808 7| Sf9@- — 1.2l 130831~ 1088 1 T80 430 2810 - 585 - 1130 46.16 588 500 -
] 1,286 621 807 5808 5692 1.21 1480 1501 7817 482 2788 S 1847 45.71 1080 1087
a3 1.280 .614 &13 as0s 5885 l.21 1e90 1594 781 482 2880 72 143 45.42 | 1200 1229
70 1.282 .818 604 5808 asg2 l1.21 1875 1809 788 «52 4860 720 1B8T 46,15 | 1576 1420
Fi 8 1.285 .B819 19 5808 58592 1.21 | 208 2089 B0l 482 2087 724 JAE43 43.75 | 1569 1590
bi 1.511 554 glb 4715 4855 1.21 1 100 T02 808 4861 1778 613 ———— 35,97 35 36
™ 1.29) .518 8ld 4719 4825 .21 791 795 s 481 1765 616 1045 32.99 202 207
T 1.317 B40 810 4719 4846 1.21 850 a82 803 480 1634 619 107 55.08 277 285
ki3 ! 1.299 .23 slz 4718 4818 1.21 | 85 855 .88 483 1867 651 o] .21 342 302
76 1.291 .818 812 4718 4608 1.21 1009 1011 700 486 1862 854 1ze5 51.56 +43 435
T 1.992 816 8l1 7260 7123 1.17 2080 2074 781 460 3820 793 17 1 57,19 | 1542 1582
k] 1.2% .621 8ll 1280 7151 .17 2258 22712 R 460 3548 805 1580 57.12 | 1817 lesd
78 ) 1.283 | .68 8l T260 115 1.7 a5 2398 To4 468 4016 808 1810 57.02 | 1881 2008
80 . 1.39% Al 814 726D 7131 1.17 2850 2308 782 459 4008 812 I 1873 57.02 | 2152 218
al. 1.290 814 614 7260 T13% 1.17 aras gr02 1892 458 4171 a1s 173% B5.59 | 2284 asls
a2 1.29% | .618 £12 85897 || 812 2.7 1770 1777 780 465 Hag 774 i 1387 58.2% | 1208 1338
83 1,502 | .628 al12 4897 8768 1.17 2020 2034 707 462 3769 788 1400 5&.85 { 1887 1710
B4 1.297 | .821 817 8897 8760 1.17 2508 2300 anl 462, 3918 795 || 1mg0 5¢.80 4 1624 1889
B5, 1.288 | .811 814 8891 &6768 1.17 2685 2605 789 480 5548 804 1713 S5.Ba | 2188 2238
Be 1.201 ] .618 818 8897 1.17 2865 a913 T 478 4070 838 | 21880 S4.71 '] Jx87 2406
87 1.310 | .634 805 8897 8783 1.17 3030 5098 792 450 4183 813 18471 26.63 | 2410 2502
g8 1.3500 624 412 8553 . 1.17 1578 1343 786 482 5224 138 117 82.79 g2z “us
89 1.289 | .8l4 508 5353 B253 1.17 151% 15355 784 460 5873 740 1277 51.89 | 11356 11372
0 1.265 | .819 gl2 §583 £241 1.17 1700 1n:z 792 480 3579 746 1356 Ba.45 | 13682 1387
1 1.31) | .685%4 807 N85 | 8241 1.17 191Q 1942 746 481, 3476 753 J 1440 22,57 | 1831 1588
72 1.304 828 81% 8353 8241 1.17 2085 2101 ao2 481 B5S 58 1 1530 2.7 | 1838 18p4
11 1.300 824 a1 5808 5703 1.17 11030 1038 794 480 2880 886 1080 48.77 213 525
94 ——— | —— —— 6808 ———— 1.17 1132 —— —— 457 2158 559 ——— ——— | —— —
9% 1.896 821 8048 5808 5725 1.17 1349 1271 7685 457 2778 886 1200 45.87 768 816
] 1.288 -814 E10 Eeca 5684 1.17 1334 1548 787 480 2805 701 1243 45.77 a%0 17
87 1.308 855 B18 becs 5712 1.17 1436 1449 801 480 2502 105 1260 48.38 888 1015
) 1.300 N 10, 4718 4841 1.17 00 718 7868 (1] 1803 6la 40 32.40 19 20
a9 1,300 2 £00 4710 4848 1.17 710 T2l T2 458 1784 813 o250 52.87 $0 93
100 1.508 828 609 4719 4857 1.17 738 T4 785 458 1laol 512 973 52,685 141 A4S
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TABIX I. - Continued. XNGINE FERFORNANCE DATA T—L‘:@?

tiude]  Eam TunneI [ Mngine s TEd[ BRI TestIve Araey Yie) | AXJuatad Engita- T Uowl- | Uompfessio- BaBor~ WT&
(!'S pressurd Maoch static spoead | engina |of ﬂnt-—utugq i'low tusl flow| inlet inlet outlet outlet inlat t- |thrust|
ratio | nuwber | pressure N opasd | turbine ntato We Wp/ta .J— total total total tokal total |air flow| Py tmnt
Pa/op | Mo o {rpm) TN 4, Freseure | tempsr-  presaure |tawpermture| tafpera- We,1 | (1b) | Pp/Ba
1b fomy | (205 (1b/e) Py | arime By % tire | (1/ke0) (1»)
(it ) (| & ) 0 | W
¥ 1% ab {°n) | IS Tt aba {R)

30,000 1.308 |0.830 €07 4718 4E48 1.17 800 815 795 459 1633 4w 10453 £5.87 209 216
1.306 8, 609 4718 4652 1.17 810 985 ‘98 459 1873 a2g 1125 35.00 324 M
1.300 824 505 4719 4852 1.17 988 1008 748 457 ————— 830 — ——— | - -
1.508 | .832 808 7280 7148 1.13 1979 20RS 781 459 3840 809 1480 67,07 | 1458 1510
1.294 | ,819 818 1260 T35 1.18 2085 2eay 787 473 4098 857 1818 28.48 | 1816 1851
l.2a2 | 807 821 . 7860 1,15 £480 2429 768 471 4202 844 1895 88,50 | R0%8 2040
1l.287 621 814 7260 7080 1.13 2810 2807 781 465 43542 845 1803 BE.B6 | B304 23587
1,285 .810 280 -—— 1,15 30%0 —m——— 787 483 44l 844 ———— e | e —
1.297 821 eas €887 6868 1.15 1710 1858 a12 478 3785 801 1383 $7.00 {1187 11871
1.R97 .21 618 B8EQ7 g8es 1.15 1808 1688 a8as +7b 5846 el 1477 58.53 | 1488 1507
1.2868 | .811 aag a8p7 6669 1,13 2115 RO7R 200 471 3927 [} 187% 56,26 | 1758 1758
1.285 .810 620 a8p7 6697 1.13 2430 2440 787 489 4072 828 1710 85,80 [ 2011 2037
1.293 818 815 5887 8727 1.13 2836 2828 706 466 4230 a5g 1857 26,587 | gs08 2386
1.304 {:] 816 6363 8l48 1.15 1323 1307 a0 475 3276 782 1270 Bl.17 ane 840
1.208 | 619 al1p 855% 5113 1.13 1446 1411 801 479 3317 70 1557 30.87 087 1012
1.500 | 624 618 ‘@583 &l27 1.15 1587 804 477 3564 772 1370 41.07 | 1161 1189

. l.282 | .68 818 8383 a115 1.13 1888 1880 788 4178 E422 778 1430 50.49 | 288 1507
1.300 [ ,60R4 817 6363 8120 1,13 1766 1781 a0 479 3482 781 14358 B0.8% [ 1552 1576
1.290 | 823 818 SB0Q BE&GL 1,13 w7 82 790 477 2742 120 1160 46.04 488 478
l.288 | 811 8P4 £008 5801 1,13 1188 1134 8oz 478 2787 T4 1240 48.1a 653 682
1,792 | .419 .15 5808 5820 1.13 1303 805 174 28%8 730 1518 48.18 a1l 818
1.202 | .6818 [ 2:0 5308 3813 1.1% 1498 1484 a0 478 2868 757 1400 46.72 987
1l.298 | .¢e@ a16 £a0q 5320 1.1% 1814 1582 800 474 2812 745 1477 46,47 | 10%0 101
1.503 | ,8e7 21 471R 4561 1.1% 841 527 a0g 475 1802 32.54 -28 -
1.887 | 821 621 4719 1.18 708 1] 803 471 16837 838 1005 3l.18 132 133
%.g .!?;. ‘ng l-;filﬂ ‘&:72 1.%33 ;15 781 gg& 475 %ggg :4; .llfl,;g gﬁ pod azz 284

. N 4718 76 1. a7 213 i 471 ] B 508
1,688 | . %s lﬂg 4882 i,g 4 50 804 47], 1950 854 0 50 40 B

15,000 s . T2eh v ﬁU‘ arx .58 E’fﬁi
1.158 480 1180 TRE0 7188 1,26 4035 1584 497 8150 a7y 1643 84.20 | 3125 E188
1.158 | 485 1188 7280 7214 1,25 1578 491 8288 82¢ 1680 68 .40 | 3428 54l
1,154 | 457 1183 T80 7198 1.28 4717 1385 483 as7 1780 94.64 | 5221
1.151 | .4B3 1188 TRE0 7257 1.26 47 BEES a30 1830 95.40 | 4078 4092
1,158 458 1185 8897 §780 1.28 3329 1562 Bl4 88680 801 1607 90.85 | 2404 2405
1.188 480 1186 BEST 8808 1.25 3738 1371 497 5876 808 1880 pe.06 | E6f9 2077
1.159 | ,e84 11B8 8897 6788 1.28 40R8 1375 500 5880 a1y 1880 81.98 | 32gs 3278
1,161 487 1186 6857 8824 1.25 4480 1377 408 8178 817 17%0 8 [ 3850 18682
1.158 480 al 6297 8798 l.26 4808 1565 450 28] aar 1828 81,48 | 5010 3949
1.158 454 a8 5355 8268 1,28 2874 1874 489 BOT1 182 310 88.43 11797 1808
1,168 S84 1181 8383 8273 1.28 9 1x31 487 5294 789 475 88,35 [ 2393 2598
1.154 487 1183 6383 8279 1,85 5852 15858 4180 B408 7 84.4D | 2BUS 2019
1.185 159 1168 8363 aR7e 1.88 4052 1E70 (3] ] S580 789 1708 BX.50 | 3248 3287
1,187 a2 1167 8383 8268 l1.88 4411 1314 458 1.1 792 1793 82,84 | 3438
1,157 | .82 1181 608 6878 l.26 2138 1388 +75 4333 674 1215 77.08 | 1079 128
1187 | 482 1182 BB0A 5786 1.25 an17 1368 487 4453 Taa 1577 T6.38 | 1738 1748
1.168 | (4P 1ie0 5808 5802 1,28 RET7L 1578 486 755 1580 T4.35 | 2108 £
1.158 | .460 1188 E&808 5820 1.08 Sa49 1578 483 4851 5% 1800 75.30 [ 2281 2280
e | ——— 118¢ BBOS ——— 1.25 —— ———— 41684 4720 878 —— mm——— | ———- ——
1.154 471 4219 4807 1.25 1232 1s73 5lo 2621 380 1145 49.16 257
1,181 487 1195 4719 4845 1.85 1430 1347 501 2942 857 1187 60.73 517 Gl8
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TABLE I. - Concluded.

ERGINE PEAFORMANCE DATA

R

“mn Atitude Ram light Turnal |Engine|Adjusted|Effective ares Fuel Mfustnd Engina- Cowl- | Compresnor - | Compressor- | Turbine- ma.ne et [Ad]
(rt) |pressure| Mach statla spesd]| engine |of first-stags] tlow [fuel flow inlet Inlet outlet outlet inist | inlet~ [thrust nat
ratie |mmber | pressurs N sposd |tarbime statod wp We/Ba AJE" total total totad total total |alr flew| P, thruu'
Pa/vo Ho Po (rpm) Valo, 2| presspre |temper-| pressure |temperaturs {tszpere- L {1} ¥ro/6a
L (1) P ature ? L) ture .
1b ) (xpm) (»a £t} \io) 2 [ ! {1b/sec) {1b)
5q 1T abs, 1h 1n .) {°R)
q % | (°r) |\rg TE &b (°R)
151| 15,000 1.189 |0.4B4 1188 4719 4854 1.28 1585 78 1577 499 2889 6E8 1965 48.10 646 649
1E2 1.168 | .480 1188 4719 48355 1.25 1705 1e82 pry 802 3011 664 1328 48,84 777 T80
153 1.165 72 1184 4719 4884, 1.25 1910 1911 1579 4635 3084 [+ 1400 51.51 | 1073 1062
154 1.166 480 10,85 7280 7275 .21 3310 317 1578 485 6252 a2 1480 86,35 | 510 2610
166 1.158 483 1185 7260 7198 1.21 3768 3783 1388 485 —— 838 1565 9,29 | S102 5127
158 1.158 458 1182 T2EQ 7220 1.21 4492 4480 1377 480 €877 844 1743 96,18 | 5708 na
157 1.188 b4 1187 BEBS7 8824 1.21 3005 2988 1378 485 5657 303 1430 82.54 | 2RE9 2280
158 1.158 483 1187 8697 6084 1.21 3495 3475 1374 495 6047 als 1540 82.42 | 2691 2905
159 1.1687 462 1180 8897 8631 1.2}, 3865 3629 1377 454 6241 [.rs] 1827 #2.73 | 5273 X245
180 1.158 A8 a4t 8857 8817 1.1 44830 33 1371 498 6429 axl 1748 92,11 | 53722 3TER
is 1,159 481 1166 6383 8299 1.4 2400 1% 1375 45% 5197 764 83.00 | 1707 1717
182 1.169 &84 1165 635% 2308 1.21 2890 2889 1374 492 © 56308 175 1435 85.30 | 2282 2298
153 1,157 482 1188 63835 as512 1.21 %00 3381 1374 481 5580 785 1563 B84.48 | 2762 2783
184 1.158 | 485 | 1l1ge 6353 8519 1.21 3888 18719 1375 490 5768 T84 1580 as.el | s08l 3103
158 1.156 | .480 1168 63535 i 8526 1.21 4390 4586 1374 489 5879 788 1800 80.61 | 3409
168 -- 1.169 1 464. 4 -1188. . ]| 85308 .1 5771 _: 1.21 1 1884 134 ] 1 4381 724 1230 75.71 | 1108 1118
187 1.159 A0 1187 5808 3795 1.21 2 £238 1578 T 487 T B4l T&T - "“135 T 15,17 11800 - 1eoe
188 1.158 4835 1186 5808 3788 1.21 2500 2509 1372 +B88 4584 T35 1410 75.55 | 1806 1818
169 1.141 A48T 1184 3808 789 1.21 2830 2804 1574 488 «858 743 .5 | 2015
170 1.155 W59 1168 8808 3795 1.81 3288 5301 487 4T18 =S 1875 - 70.28 | 2281 2370
i 1.159 484 1187 4719 4714 l.21 1178 1180 1578 488 2973 544 1083 Ga.z8 289 300
172 l.1m 4B7 1188 4719 4728 1.21 1296 1307 1376 483 ———— 643 1147 52.53 457 40
1713 164 471 1184 4718 4738 1.2 1830 1548 137a 481 3085 648 1243 52.08 717 i3
174 1.1%9 AB4 1188 4718 4738 1.21 168% | 1870 1374 4182 318), 863 1293 1.4 827 asa
iTs 1.180 468 1184 4718 4748 1.21 174Q 1763 1374 480 -—rn 885 - 1330 91,52 ass 8g2
174 1.1%) 424 1185 TR60 131 1.13 3140 006 1540 (i) ———— 885 ———— ———n | o ———
177 1.160 A6k 1as T80 7183 1.1% 362K 3408 13718 485 6722 o8%a 1543 5.40 | 2912 2920
178 1.158 .| 484 118% 726D 7191 1.13 5988 | 39w 1378 Afd 8938 | 1680 | 85.48 | 3357 i| 3587
179 1,166 "] 460 1198 T2ed 7191 1.13 4340 - Lﬂg 13p2 484 7118 arl 1720 95,72 | 3640 3651
a0 1.181 | .467 1168 7280 7198 1.3 4798 477 »7e 1 4B 7294 [:1: o] 1380 95, 3§95 !| 4009
lal 4 1,168 459 1109 6897 8324 1.15 4 o2al 1368 APE 8278 Bas 1410 | 93.23 12248 ') 2257
la2 1,152 459 1151 | o897 8353 1.13 3518 | 3500 1372 491 6318 837 1590 92.67 | 3012 3018
183 1.154 -1 457 1200 1 %897 B348 1.13 s7e84| 3715 1564 400 8884 ans 1600 | 95.54 {5214 3155
184 1.151 ] .483 1196 8897 €853 1.13 4199 4181 1375 450 5609 840 1704 Y] 92.96 35878 '] 3s0
186 . 1,156 | 480 1158 | 8397 .| ALY 1.1% 1“10 4553 13838 488 700L 862 | 80 83.04 | 5779 3768
188 1.159 Y-y 1188 5353 6308 1.13 2258 '] 2227 15717 492 3497 781 1300 84.B4 11616 || 1e22
187 1.153 | .4956 1151 B583 €312 1.1% 580 2578 1574 491 5816 789 1584 84.11 | 2093 2097
les 1.155 .4 .456 iig2 8353 6312 1.15 2984 1375 4«81 572 6801 1485 as. 2520 2523
189 1.181 487 1186 6385 6308 1.8 32580 3245 1371 490 3873 a0R 1555 a2.72 |2851 2887
180 1,154 | .487 11e7 113 g312 1.13 3815 3580 «2% 59a% aoe 1650 81.88 |as42 2932
191 1.182 Y] 489 1185 5808 ‘| E78% 1.13 1800+| 1210 13715 ABBS a78 11% 75.78 | 1080 1058
19& 1.184 | 471 1168 5808 5802 1.13 2118 2128 13al 4487 4700 56 13510 T340 |1480 1488
193 1.185 | .472 1178 S808 5808 1.13 2455 2489 1570 4188 4759 748 1420 70.28 | 176 1881
194 1.1%8 460 11868 2608 5A37 1.13 2795 2626 1571 4B0 4838 TaB 1630 85.98 |a@los 216
198 1.152 | .488 11B8 5608 5765 1.1 5015 3014 lse8 4BA 4758 763 1830 88.71 |2047 POES
196 1.187 475 1178 4719 4704 1.13 1098 1106 1572 4188 3083 1060 52,10 159 02
197 1.174 | 4088 1162 471% 4724 .13 1220 124) 13689 486 3131 851 1098 52,17 392 398
198 1.187 82 1168 4719 470% 1.13 1386 1372 1371 487 3151 857 1188 %0.80 512 578
193 1.185 AT2 1182 4719 4714 1.1% 1511 1525 1377 487 3251 i) 12350 49.70 650 (1]
200 1.168 AT 4719 1709 1.15 1539 L1645 1385 488 3289 888 1280 19.19 a9 al4
1 3 1 [ ] -

6Le

POTIESH W VOVN




X NACA RM ES2I.04 R 17

Mein sctusting shaft

/_--- ~—Engline outer skin

2792

Stetor actuating

outer skin

% \
Q [TTITI
) ...."l'lnn.-unl“llll"““““llllnlll“"" .
Turbine-inlet—a.nnulus '

Figure 1. - Schematic sketch of adjustsble turbine-stator actusting mechanism.
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Cowl inlet Engine Inlat Comprasacr outlet ™Mrbins I;Lnlu‘t’
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Figure 2, ~ Croas section of engine showing instrumentation stgtiona.
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Compressor pressure ratio, Py/Py

NACA RM E52L04

19

Corrected engine
speed, N/~/6
(xpm)
5.6 7700
730
5.2
\
LN
/N \
t.8 '\‘
i
6730 I~ | 78
4.4 A\ .80
\ Faz
/4 A
4.0 64
areh
6140 Z 7
3.6 # / /
Compri;;?; surge—-\ / / b
3.2 v / f/ é/ \l
A 4 f/'%\J
- /| / .82 ﬁiiﬁ;
yali'ay;
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Figure 4. - Continued. Composite performance plots. Altitude,

30,000 feet; flight Mech number, 0.62.

26L2



2792

-

NACA RM E52I04 ST 23

Firgt-stage turbine-stator effective area, An, sq £t
—— ——— Turbine-inlet to engine-inlet temperature ratio, Ts/Tq 1

————— Specific fuel consumption, Wg/F,, 1b/(br)(1b thrust)
/—Tszi
2800 /
4.25 7~

(Timiting)

-
e
2600 4 l— - '\\
//// A1

/L A

2400 3.9=

o 2200 % -\
— V4 +
,~, a4 i
= / / ja
E’; 2000 5.5 V/ ) . g
We/T

£ A /1 / : :
2 /, / | A1.18 2
= 1800 . = ad £

/v g‘

) N 1.20 O

/
VA S

\qu_ _,\_ 1.30
17

1400 T 21
1.23

—3.1 1_25 l.l]

1200 : 1 L
4.2 4.4 4.6 4.8 5.0 5.2 " 5.4 5.6
Compressor pressure ratio, P/Ps

A
] n

(c) Engine speed, 6800 rpm; corrected engine
speed, 7360 rpm.

Figure 4. - Continued. Composite performance plots. Altitude, 30,000 feet;
flight Mach number, 0.62.



24

Net thrust, Fj, 1b

2600

2200

2000

1800

1600

1400

1200

1000
3

<N NACA RM ES5ZI04

——TFirst-stage turbine-stator effective area, A,, sq ft
— -—Turbline-inlet to englne-inlet temperature ratio, ’I‘5/T]_
— ~ ——8pecific fuel consumption, We/Fn, 1b/(hr){1b thrust)

s\ A7

/
/
"L/

ASRARERYAS

3.T: N
/A

/

/ 1/
7'L‘12’\\
% / e

N,

Compressor surge limit WV

.8 4.0 4.2 C 4.4 4.6 4.8 5.0

Compressor pressure ratio, Py/Ps

(d) Englne speed, 6400 rpm; corfected engine
speed, 6925 rpm.

Figure 4. - Continued. Composite performance plots. Altitude,

30,000 feet; flight Mech number, 0.62.

2612



4xX NACA RM E52I04 L ]

i Filrst-stage turbine-stator effective area, Ay, sq ft
f—-—Turbine-inlet to engine-inlet temperature ratio, Tg/Tq]
— ——-Specific fuel consumption, Wp/F,, 1b/(hr)(1b thrust
o
Oy
Pt 1800
T5/Ty
3 .50 1L.42
1600 L 4
/
S.f—r‘-
1400 J’,%/
/
3-1%” 7£ 1~
< / 1 )/' 5.’34
bl Z
ﬁ? 1200 __7%
8 7/é N _|e
i 7 7/ IE
4 eVl
¥ 1000 i o
KLY
- U
= /4 \,, _505
- W' ‘/ [N
2
800 [ 50 |9
N g
) 1& 5
L /41.80
600 B 125 71 | ‘\_
.23 | / Vie/Fp
«21/3 .17
vl ~NG
4 1 I
Og.O 3.2 3.4 3.6 3.8 4.0

Compressor pressure ratio, Py/Py

(e) Engine speed, 5800 rpm; corrected engine
speed, 6275 rpm.

Figure 4. - Concluded. Composite performance plots. Alti-
tude, 30,000 feet; flight Mach number, 0.62.



Fet thrust, Fp, 1b

SR NACA RM E52104

P
4400 IT5/T11 A
3.88 \1.25
(Limiting?*;
S~ 1l.21 1.13
4200 3.6 7—d Z— =
YL [ 17
- /1 L] /
/ 1./ [
i
3800 3 , Gt
/ -'7f‘ -_— —_—
[ 7
e FRANRY
/ / [ Wr nl” //
l y / l.’lg
IHViRSN
A
3400 ,l’ — = /
s.4¢/ ! / [ 7
YA A
BT
. A
3200
1 ‘/ \
\/\ ! s /
L Y,
3000 V- —~ 1 1.19
/ Al /
TPA \ /
x i / ————— Pirst-stage turbine-stator
2800 / \ effective aree, Ap, sq £t
x.2 _\ll( \ /r‘ ]\22 —-—Tl;.r'bine-inlet tz engine-inlet
L 1,26,f" sp::f;z: :Eelra io, TE{TI
—_—— el consumption
,' \ l/ We/F,, 1b/(hr)(1lb thrust}
2600 Y
/1.30 /
1.36
2400 | NA'& L
4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.8

Compressor pressure ratio, Ps/Ps

(a) Engine speed, 7260 rpm; corrected engine
speed, 7510 rpm.

Flgure 5. - Composite performance plots. Altitude, 15,000 feet; flight
Mach number, 0.46.

2612



2792

NACA RM E52L04 SR
I
4400 T5/Ty
3.88 . e
(Limiting L7’ / T
[ -~
4200 :l.s‘z’ ~ AT~
/ 720
4000 '/7 /
4
g - /
=7 T~
3 sf/ / / s %
5800 / 1.17 y
/ i
7 g
/
3600 II /
|/ J/L-IL- \\-; /
5 3.4f/ / |‘l l#
§ 3400 \ £/,
. | / \ /1-17 i
5 i ~I7
,H 3200 /l ] /
T I 1 T /
k| l/ {, /.(72 o~ /
3000 /A /{ \ 7
/0 /
3.2 I , / !
[7 \
2800 - X /
i/
/l 1 / 1 ‘\_ First-stage turbine-stator
2600 - A0 1|\ N\ effective area, An, sq £t
ihst| A 1.20| —-—Turbine-inlet to engine-inlet
\ 1.24 temperature retio, Ts/Ty
A]1.28 / —— ——=8pecific fuel consumption
2400 -o/f We/Fy» lb/(hr)(:!.'b thrust)
_A\l.34. 4
1721 L. W
2200 I l =1
4.2 4.4 4.6 4.8 5.0 5.2 5.4

Compressor pressure ratio, P,/Pp

(b) Engine speed, 7050 rpm; corrected engine
speed, 7290 rpm.

Figure 5. - Continued. Composite performance plots. Altitude, 15,000 feet;

£light Mach number, 0.46.

a7



28

./ NACA RM ES521.04
4400 Ts/Ty
3.88
(Limiting)/l 724 -
i AR
4200 = — S
' T~_ [
[ AT
~N
4000 / // S
[ A/
3,644 -_;2 /
3800 <_¥
N/ T
"1/ /
200 VA
11.16
3.4 ,{_ V ] 116\
/ —
ﬁ / j r J\ ~
8 3400 P 4'1;
p VARV
5“ /
i [ / y
+ 3200
3 AN
= \
3.21 \‘7L
3000 {/: 7 AN W:fI n
I / 1.16
1 Af
2800 y /) //
' | _5;_____ i First-stage turbine-stetor
2600 | N\ ’ effective area, An, sq £t
I, /\ \\ J ——- —-Turbine-inlet to engi:;-inlet
. temperature ratio, Tg/Ty
3,0 ‘/A\ \ 1.204 __ _ Specific fuel consumption
. | i \ \ 7 We/Fn, 1b/(hr)(1b thrust)
400 |— \ a
1'.25/ } 4 N [
N1.28 1l.24
2200 1 -21/ h *Ll -13/ i 3
4.0 4.2 4.4 4.6 4.8 5.0 5.2

Figure 5. - Continued.

Compressor pressure ratio, P,,‘/Pz

(c¢) Engine speed, 6800 rpm; corrected engine

speed, 7035 rpm.

Composlite performence plote. Altitude,

15,000 feet; £light Mech number, 0.46.

26L2



2792

NACA RM E521.04 R

4000

6.%]..25
3800 :

/ Y
ale2l

5.6{4
3600 >~ .13

3400 <<
3.4% / ~

A
3200

3 / ) 7‘
a 3000 3B —
= X .20
ey <
g y
2 2800 y = o
+ i f
o . I 7
NN
1
2600 }
l

—

I

ot
3

- ]
I

e
"

First-stege turbine-stator

\ effective area, An, sq £t
| i \ —— —— Turbine-inlet to engine-inlet ]
“ \ temperature ratio, T5/T1
2200 } .
} ~—— = fpecific fuel consumption
I / \ We/Fp, 1b/(hr}(1b thrust)
{
1 — l.24
T
2000 1 / \\J
2.of /
Y S (O
AN
Y1.36 W
1800 A, 5 1 1
3.6 3.8 4.0 4.2 4.4 4.6 4.8

Compressor pressure ratio, P4/P2

(d) Engine speed, 6400 rpm; corrected engine
speed, 6620 rpm.

Figure 5. - Continued. Composite performance plots. Altitude,
15,000 feet; flight Mach number, 0.46.

29



30

NACA RM E52104

2800 . .
7
2600 Ts/Ty
i
3.87  aef
7 N
) /
2400 3.6 4
| !
3. T117
Bl
2200 .
3.21 ¥
A I
~ 2000
o 3 oL f ¥/
-PN .l .‘ .3
: [ 1]
5 1800 ’, ¢
L
2 N
2.8 ‘ h 1.40
1600 7
\ |
j 7‘ -—7 1.4 ~—————TFirst-estage turbine-stator
1400 effective area, Ap, sq ft
)3 — - —Turbine-inlet to engine-inlet
tempereture ratio, Tg/Ty
2,67\ 1.56 |————Bpecific fuel copsumption
Ay -1~ We/Fn, 1b/(hr)(ib thrust)
1200 1.25 ]
1000 1.2 1-15[ _ 4::;4
3.0 3.2 5.4 3.6 3.8

Compressor pressure ratic, Py/Pp

(e) Engine speed, 5800 rpm; corrected

Figure 5. - Concluded.

engine speed, 6000 rpm.

Composite performence plots. Altitude,

15,000 feet; flight Mach nunmber, 0.46.

26Le



1.25— Fp, 4200 1b; N, 7260 rpm
—
n
g 1.5 F.s 2690 1b; N, 7260Vrpm g 115
A a
g = ) T
: 1-2 .;HJ — e |
5 B
> 13 . 1as
~ Fn, 2440 1b; N, 7260 rpm sl
2 /’L R F,., 5420 1b; K, 7260
&“ — 3“ n? ; Ny /I‘Pﬂ/
x 1.2 ¥ e
~ L3
8
1 1.3 g‘ 1.15
E Fps 2200 1b; B, 7260 rpm E 1.35
g —// Q .
8 Lol — ] ;B'?' /
g ’ ) ¥,, 2850 1b; N, 7050 rpy'
ol
& 1.25
a o 1830 1b; N, 7050 / g v f
3 a’ s N, I'Py % w
'% 1.2 1.15 i.@ t
1.12 1.16 1..20 1.24 1.28 1.12 1.16 1.20 1.24

Figure 6, - Variation of specific fuel consumption with first-stage turbine-stator effective area

First-stage turbine-stator effective area, Ay, sq £t

(a) Altitude, 30,000 feet; flight

Mach number, 0,.62.

st congtant thrusta.

(b} Altitude, 15,000 feet; flight
Mach number, 0.46.

1.23

FOIZGH W VOVM

TE



32 y ) NACA RM ES2104

5.8
”
5.6 .
’/
]
ol 17
5.4 P
L 5
Engine speed
5.2 (rpm) l/c |
o 7076 v L~
0 6889 A v
< 8124 4 [
A 5611 - /] P
nf.“ 5.0 o} /
S A
[
E 4.8 i
o
-
Q
g ae
n
& A
a, &
= -~
3 4.4 ran
m . P
¢ o
a, rv
8 &/)
O £.2 v
=
i 4
4.0
3.8
N 1 -
8 /(
3.
Q:/
2
] .
- A1 L NAcA
2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.8 3.8 4.0 4.2 4.4

Turbine-inlet to engine-inlet temperature ratio, Tg/Ty

(a) Variation of compressor pressure ratio with turbine-inlet to
engine-inlet temperature ratio.

Figure 7. - Effect of engine speed on engine performance parameters. First-stage turbine-stator
effective area, 1.13 square feet; altitude, 30,000 feet; flight Mach number, 0.62.
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Figure 7. - Continued. Effect of engine speed on engine performance parameters. First-stage
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